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bjectives This study applied risk adjustment methods to evaluate member institutions of the
merican College of Cardiology–National Cardiovascular Data Registry with respect to in-hospital
ortality in percutaneous coronary intervention patients over a 4-year period to assess variability in
isk-adjusted performance measures.
ackground Cardiac catheterization laboratories, hospital networks, and third-party payers are inter-
sted in assessing the outcomes of percutaneous coronary interventions. Evaluation of outcomes
ithout considering case selection may lead to erroneous conclusions about program quality.
ethods The National Cardiovascular Data Registry database was queried for all percutaneous coro-
ary intervention cases performed between January 1, 2001, and September 30, 2004. Random ef-
ects logistic regression was used to develop models of in-hospital mortality and compute an ex-
ected mortality rate for each program. The observed mortality rate in each program was divided
y the program’s predicted rate to obtain the observed/expected (O/E) mortality ratio. Change in
he O/E ratio was assessed by a generalized estimating equation approach to repeated measures.
n index of variability was calculated by the mean absolute difference between O/E ratios of each
air of years.
esults There were 664,909 interventional procedures performed in 403 National Cardiovascular
ata Registry programs from 2001 to 2004. There was no signiﬁcant systematic change in O/E ratios
ver the 4-year period, but there was signiﬁcantly greater variation in O/E ratios associated with
ower percutaneous coronary intervention volume programs.
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ardiol Intv 2009;2:136–43) © 2009 by the American College of Cardiology Foundation
rom *Rush Medical College, Chicago, Illinois; †Christiana Care Health System, Newark, Delaware; ‡Washington University,
t. Louis, Missouri; §University of Texas Health Science Center, Houston, Texas; American College of Cardiology, Bethesda,
aryland; and ¶Kaiser Permanente, Oakland, California. E. Magnus Ohman, MD, was the Guest Editor of this report.anuscript received May 7, 2008; revised manuscript received September 22, 2008, accepted September 24, 2008.
C
t
o
i
u
l
q
i
m
p
o
l
r
t
a
o
c
o
a
d
e
v
o
a
m
a
i
N
w
4
v
O
P
t
M
D
t
p
h
e
A
c
d
a
c
A
d
a
t
r
p
a
a
A
a
P
a
S
e
a
d
i
a
R
a
t
2
w
d
t
e
a
r
o
w
a
r
c
r
n
c
t
t
1
A
c
f
s
2
m
a
n
s
e
m
i
(
i
t
J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 2 , N O . 2 , 2 0 0 9
F E B R U A R Y 2 0 0 9 : 1 3 6 – 4 3
Klein et al.
Assessment of Interventional Program Quality
137ardiac catheterization laboratories, hospital networks, and
hird-party payers are interested in assessing the outcomes
f percutaneous coronary interventions (PCI) and compar-
ng the results objectively across institutions. Evaluating
nadjusted clinical outcomes without considering case se-
ection may lead to erroneous conclusions about program
uality (1–5). Present trends toward public release of quality
nformation to evaluate programs depending on perfor-
ance necessitate maintaining, as much as possible, a level
laying field for the laboratories involved.
See page 144
Risk-adjusted mortality rate (RAMR) is a standard method
f assessing quality of care in the interventional catheterization
aboratory. Risk-adjusted mortality rate adjusts on the basis of
isk factors that affect, or potentially affect, PCI outcomes and
hus compensates to some degree for differences in case mix
cross institutions. A component of RAMR is the ratio of the
bserved outcome rate to the expected outcome rate, the latter
omputed from a regression model of relevant risk factors. The
bserved to expected (O/E) mortality ratio has been used,
long with RAMR, to compare outcomes of various proce-
ures and outcomes across institutions (6–9). Because the
xpected outcome rate is computed from a model, sampling
ariability and model discriminatory ability affect the accuracy
f the expected rate and thus the O/E ratio and RAMR. In
ddition, the value of model parameters, or the combination of
odel parameters, may change over time and consequently
ffect estimates for individual institutions.
The purpose of this study was to evaluate member
nstitutions of the American College of Cardiology–
ational Cardiovascular Data Registry (ACC-NCDR)
ith respect to in-hospital mortality in PCI patients over a
-year period using risk-adjustment methods. We assessed
ariation of O/E ratios over the 4-year period and whether
/E ratios differed by institution demographics of location,
CI volume, number of board-certified cardiologists, and
eaching or nonteaching status.
ethods
ata registry and selection. The ACC-NCDR is a volun-
ary national registry that currently receives data from 700
articipating hospitals. The basic details of the dataset used
ere have previously been published (10,11). All data
lements are linked to the American Heart Association/
merican College of Cardiology PCI guidelines. The data
ollection process used by the ACC-NCDR has been
escribed in detail (11). Data at each participant institution
re entered locally into software purchased from vendors
ertified to accurately acquire and transmit data to the
CC-NCDR. Local institutional PCI programs audited all
ata for completeness and accuracy. Many local quality rssurance programs are based on the collected data. Addi-
ionally, a national audit program sponsored by NCDR has
eviewed about 5% of all cases. Only data meeting strict
redefined criteria for completeness and accuracy (10,11)
re entered into the ACC-NCDR registry and used in this
nalysis. Each data element is predefined, linked to the
merican Heart Association/ACC PCI guidelines, and
vailable on the ACC website (12).
atient population. The NCDR database was queried for
ll PCI cases performed between January 1, 2001, and
eptember 30, 2004. There were 403 member institutions
nrolling patients within this time frame (though not all for
ll 4 years). These institutions are diverse and widely
istributed throughout the country. Member institutions
nclude rural, suburban, and urban centers, both teaching
nd community hospitals, and institutions of all sizes.
isk adjustment. The ACC-NCDR previously developed
nd validated risk-adjustment models for in-hospital mor-
ality in PCI (13,14) using data collected between 1998 and
000. Using the same set of risk factors (Table 1), models
ere developed using the current
ata to calculate expected mor-
ality. Ejection fraction was cat-
gorized as “not done,” 40%,
nd 40%; the latter being the
eference category for calculation
f odds ratios. Lesion severity
as categorized as high, moder-
te, and low, the latter being the
eference category. Acute myo-
ardial infarction was catego-
ized as ST-segment elevated,
onelevated, and no acute myo-
ardial infarction. Smoking his-
ory was categorized as current, former, and never smoked,
he latter being the reference category. Age was analyzed in
0-year increments and body mass index in 5-kg/m2 units.
ngina class and New York Heart Association functional
lass were analyzed as ordinal categories. All other risk
actors were dichotomous. For this study, we developed
eparate risk-adjustment models for each year: 2001, 2002,
003, and 2004.
Random effects logistic regression was used develop
odels of in-hospital mortality. The random effects model
ccounts for patient clustering within institutions. Begin-
ing with the 27 risk factors, a backward elimination
trategy was used to develop reduced models. Nested mod-
ls were compared using the likelihood ratio test. Bootstrap
ethods were used to validate and calibrate bias-corrected
ndexes of model performance (15). The C-statistic index
equivalent to the area under a receiver-operator character-
stic curve) was calculated to assess model discrimination,
he ability of the model to correctly identify patients with
Abbreviations
and Acronyms
ACC-NCDR  American
College of Cardiology–
National Cardiovascular
Data Registry
O/E  observed to expected
mortality ratio
PCI  percutaneous
coronary intervention
RAMR  risk-adjusted
mortality rateespect to in-hospital mortality.
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138Missing risk factor data were assumed to be missing at
andom and imputed using Markov Chain Monte Carlo
ethods (16). A total of 3 imputed datasets were generated
or each year. Regression coefficients from the 3 imputed
atasets were combined, and a predicted probability of
n-hospital mortality was calculated for each patient. Thus,
ll patients were used in the development of the mortality
odels.
A logit (natural logarithm of the odds of in-hospital
ortality) for each patient was calculated from the logistic
egression equations and transformed to a predicted prob-
bility of in-hospital death by taking the exponent of the
ogit and dividing by 1 plus the exponent of the logit. The
redicted probabilities were averaged across patients at a
articipating institution to calculate the predicted mortality
t that institution, given its case mix.
The observed mortality rate in each program was divided
y the program’s predicted rate to obtain the O/E mortality
atio. The O/E ratio yields an index for which a value 1
eans that in-hospital mortality was less than expected, and
value 1 means that in-hospital mortality was greater
han expected. Programs with the largest O/E ratios would
ank the lowest, and programs with smaller O/E ratios
ould rank higher. Risk-adjusted mortality rate is calculated
s the O/E ratio times the overall mortality rate in a given
ear. In this study, we present results only for the O/E ratio.
ootstrap methods (17) were used to calculate the O/E
atio 95% confidence intervals. Variation in program O/E
atios over the 4 years was assessed by computing the mean
bsolute difference of O/E ratios, and rankings for each pair
f years. A small value would indicate similarity in rankings
ver the years, whereas a large value would indicate dissim-
Table 1. Risk Factors Assessed in NCDR Risk-Adjustment Models
Family history of CAD Diabetes
History of renal failure Previous PCI
Previous MI Previous CABG
Recent heart failure Previous valve surgery
Smoking history (current,
former, never)
Shock at PCI
Sex (female/male) Lesions in left main
Race (white/other) Lesions in proximal LAD
Angina class (1 to 4) Nonelective PCI
NYHA functional class (0 to 4) Lesion severity (low, moderate, high)
Chronic lung disease AMI (none, ST-segment elevated,
non–ST-segment elevated)
Cerebrovascular disease Age (yrs)
Peripheral vascular disease Ejection fraction (not done, 40%, 40%)
Hypertension BMI (kg/m2)
Elevated cholesterol
AMI acutemyocardial infarction; BMI bodymass index; CABG coronary artery bypass graft
surgery; CAD  coronary artery disease; LAD  left anterior descending; MI  myocardial
infarction; NCDR National Cardiovascular Data Registry; NYHA New York Heart Association;
PCI percutaneous coronary intervention.lar rankings. 7Generalized estimating equation models for repeated
easures were used to compare O/E ratios with respect to
umber of board-certified cardiologists, PCI volume, loca-
ion, and teaching status across years. The O/E ratios were
ight skewed and thus were modeled assuming a gamma
istribution. One-way analysis of variance was used to
ompare absolute differences in rankings averaged over each
air of years for programs with data in all 4 years. SAS
ersion 9.2 (SAS Institute, Cary, North Carolina), and
tata version 10 (Stata Corp., College Station, Texas) were
sed to develop regression models and compare O/E ratios.
esults
here were 664,909 interventional procedures performed in
he 403 programs from 2001 to 2004. The observed
ortality rate declined significantly over the 4-year period
p 0.001). Rates were 1.36%, 1.30%, 1.23%, and 1.12% in
001, 2002, 2003, and 2004, respectively. Complete patient
ata were available for all 27 risk factors included in the risk
odels except recent congestive heart failure, New York
eart Association classification, and body mass index.
issing congestive heart failure and New York Heart
ssociation data were1%, whereas 3% of body mass index
ata were missing. These variables were imputed as de-
cribed, and models of in-hospital mortality were ob-
ained by combining the regression coefficients from the 3
mputed datasets.
Table 2 presents the risk-adjustment models developed
or each year. Models were relatively consistent from year to
ear with respect to risk factor composition and impact on
ortality. Shock at PCI had the greatest impact on mor-
ality, with odds ratios ranging from 10 to 13. Acute
yocardial infarction status, renal failure, left main disease,
jection fraction, nonelective PCI status, and lesion severity
ere consistent predictors of mortality in all 4 years with
dds ratios of 2 or greater. All 4 models had good discrim-
nation with C-statistic indexes of 0.9.
Although there were a total of 403 programs involved
ver the 4-year period, not all were available for evaluation
n every year as some programs may have joined after 2001,
ome may have left the program before 2004, or possibly,
ome may not have reported data in every year. Of the 403
rograms, 45% had data for all 4 years, 21% for 3 of the 4
ears, 24% for 2 years, and 10% had data for only 1 of the
ears. For 2001, there were 228 programs with data for
valuation. A total of 41 (18%) of these programs had O/E
atios significantly 1 and ranged from 1.30 to 5.96. There
ere 285 programs evaluated in 2002, and 69 (24%) of these
ad O/E ratios significantly 1, ranging from 1.20 to 4.54.
or 2003, 355 programs were evaluated, and 90 (25%) of
hese had O/E ratios significantly 1, ranging from 1.13 to
.71. For 2004, 339 programs were evaluated, and 54 (16%)
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139f these had O/E ratios significantly 1, ranging from 1.22
o 5.77.
There was considerable variability of O/E ratios among
he various programs over the 4-year period. For presenta-
ion, we chose the 20 lowest ranked (largest O/E ratios)
rograms in each year (Table 3). Of the 403 programs, 339
84%) were never among the 20 lowest-ranked programs in
he 4-year period. There were a total of 64 programs that
ere among the 20 lowest-ranked programs over the 4-year
eriod. Of the 64, 1 program had data for only 1 year, 9
rograms had data for 2 years, 18 had data for 3 years, and
he remaining 36 had data for all 4 years. Of the 64
rograms, 53 (83%) appeared among the 20 lowest-ranked
nly once in the 4-year period. Eight appeared in 2 of the 4
ears, 1 appeared in 3 of the 4 years, and 2 were ranked
mong the 20 lowest all 4 years.
There were a total of 180 programs (45%) for which O/E
atios could be computed in all 4 years. Using these data, the
op panels of Figure 1 plot O/E ratios for the 20 lowest, 20
iddle, and 20 highest-ranked programs in 2001 and
orresponding O/E ratios in subsequent years. Generally,
here was greater variability of O/E ratios over the years in
Table 2. Predictive Models of In-Hospital Mortality by Year
Risk Factor Type Risk Factor Ca
Demographic/history Age (10 yrs)
Male sex
Family history of CAD
Previous PCI
Previous MI
Comorbidity Acute MI ST-segmen
Non–ST-se
Renal failure
Heart failure
Cerebrovascular disease
Chronic lung disease
Peripheral vascular disease 1.36
Diabetes
Elevated cholesterol
Disease severity Shock at PCI
Left main disease
Ejection fraction Not done
40%
Proximal LAD
Nonelective PCI
NYHA functional class
Lesion severity AHA classiﬁcation High
Moderate
Number of programs
Data are odds ratios. All are significantly different from1exceptmoderate AmericanHeart Associatio
in combination with the other risk factors in the model, heart failure odds ratios were significantly
Abbreviations as in Table 1.he lowest-ranked programs, as well as the highest-ranked mrograms, when compared with middle-ranked programs.
he lower panels highlight 2 programs from each group in
he top panels. Programs 2, 4, 45, 54, and 29 are identified
y the same number in Table 3 and illustrate yearly variation
n rankings.
Analysis of O/E ratios across years indicated no significant
elationship with location (p  0.46), teaching status
p 0.20), number of board-certified cardiologists (p 0.22),
r PCI volume (p  0.24). Analyzing only those programs
ith 4 years of data also indicated no significant relationships
p  0.47, 0.82, 0.95, and 0.18 for location, teaching status,
ardiologists, and PCI volume, respectively). Comparing mean
bsolute difference in rankings for each pair of years indicated
o significant differences between locations (p  0.86), teach-
ng status (p  0.51), and number of board-certified cardiol-
gists (p  0.37). Lower-volume programs (400 per year)
ad significantly greater differences in rankings over the years
han medium- (400 to 800 per year) and high- (800 per year)
olume programs (p  0.001 for both), likely reflecting
ampling variability. Lower-volume programs had a mean
bsolute difference of 53  20 places in rankings over the
-year period compared with 40  19 and 33  16 for
y 2001 2002 2003 2004
1.55 1.59 1.58 1.57
1.28 1.31 1.36 1.61
0.80 0.88 0.77 0.85
0.81 0.89 0.85
1.20
ted 3.30 3.70 4.17 5.08
elevated 2.17 2.27 2.08 2.88
2.69 2.37 2.40 2.41
0.61 0.69 0.68
1.40 1.32 1.16
1.51 1.54 1.39 1.41
1.39 1.33 1.57
1.30 1.30 1.29 1.26
0.71 0.62 0.66 0.65
13.48 10.86 11.02 13.40
2.23 2.21 2.33 2.12
2.37 2.17 2.33 2.26
2.00 2.27 2.16 2.14
1.24 1.16 1.15 1.29
2.81 2.41 2.48 2.19
1.25 1.44 1.38 1.32
3.13 2.61 2.15 2.00
1.48 1.36 1.20 1.17
228 285 355 339
) classification in 2004 (1.17). History of heart failure is associatedwith increased risk ofmortality, buttegor
t eleva
gment
n (AHA
1.edium- and high-volume programs, respectively. The same
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140ndings were obtained for mean absolute difference in O/E
atios (data not shown).
iscussion
se of outcomes to assess coronary interventional program
uality has become a common practice and is used in public
omain reports such as the California CABG Mortality
eporting Program (18) and the New York Cardiac Surgery
eporting System (19). Such reports employ risk adjust-
ent methods, because observed outcome rates are not
djusted for case mix and therefore are not usually appro-
riate for comparison of programs or individuals. Reporting
f risk-adjustment outcomes for individual institutions or
hysicians is regarded as the more appropriate measure of
uality (20–22).
A number of studies have been done to assess the validity
nd use of risk-adjustment methods (1,7,8). Because risk-
djustment models involve sampling variability in estimat-
ng predicted probabilities of the outcome, program size, as
ell as number of events, will affect the confidence intervals
f O/E ratios (or RAMR). In particular, smaller programs
ay have wider confidence intervals that include 1 for O/E
or 0 for RAMR) even though the ratio may be large. This
ould be the case whether confidence intervals were ob-
Table 3. 20 Lowest-Ranked NCDR Programs, 2001 to 2004
2001 2002
PID O/E (95% CI) PID O/E (95% CI)
1 5.96 (4.37–9.18) 2 4.54 (4.04–5.13)
2 4.06 (3.09–5.21) 9 3.83 (3.04–4.70)
3 3.74 (2.85–4.81) 1 3.68 (3.14–4.38)
4 3.49 (2.35–5.38) 21 3.63 (2.31–5.80)
5 3.43 (2.54–4.80) 22 3.47 (1.84–7.02)
6 2.83 (1.65–5.97) 23 3.22 (2.07–5.03)
7 2.82 (2.12–3.94) 24 3.11 (1.95–6.24)
8 2.66 (1.77–4.58) 25 3.06 (2.30–4.15)
9 2.50 (2.01–3.06) 26 2.97 (2.21–3.81)
10 2.21 (1.74–2.85) 27 2.97 (1.65–5.73)
11 2.16 (1.50–3.41) 28 2.85 (2.30–3.62)
12 2.11 (1.50–3.21) 29 2.81 (2.05–4.02)
13 2.08 (1.26–3.79) 30 2.76 (2.07–3.80)
14 1.98 (1.45–2.91) 31 2.47 (2.18–2.86)
15 1.96 (1.59–2.51) 32 2.41 (1.93–3.02)
16 1.86 (1.39–2.59) 33 2.37 (2.08–2.71)
17 1.86 (1.36–2.82) 34 2.32 (1.41–4.05)
18 1.84 (1.39–2.44) 35 2.27 (1.69–3.02)
19 1.82 (1.42–2.35) 36 2.21 (1.55–3.28)
20 1.81 (1.54–2.14) 37 2.14 (1.10–4.61)
Data areobserved toexpected (O/E)mortality ratios and95%confidence intervals (CI). Programsare
1 year. The IDs in bold are those appearing in the 20 lowest-ranked programs 2 or more years.
Abbreviations as in Table 1.ained by bootstrap or normal theory methods. sThe discriminatory ability of the model will affect the
ccuracy of predicted outcomes. If model discrimination
ere low, then prediction accuracy may not be sufficient to
se for program evaluation. Model discrimination for in-
ospital mortality in our study was quite high (0.9), so there
ould be good confidence in the estimated expected prob-
bilities for calculation of the O/E ratio. On the other hand,
odel discrimination for the outcome of unplanned coro-
ary artery bypass graft in our data was much lower, about
.7 (data not shown). Thus, use of unplanned coronary
rtery bypass graft as a measure of program quality would be
ess valid than in-hospital mortality. Setting a value for
cceptable discrimination would be arbitrary, but it would
e important for program evaluators to understand that an
ndex of 0.5 indicates no discrimination and the closer the
ndex to 1.0, the better the discrimination.
Our study evaluated NCDR participating programs over
4-year period from 2001 to 2004 with respect to in-
ospital mortality. An O/E ratio and 95% confidence
nterval was obtained for each program in each year. There
ere, on average, 40 programs each year that had fewer than
00 patients. However, over the 4-year period, only 9
rograms with fewer than 100 patients had O/E ratios of
.5 or greater and 95% confidence intervals that included 1.
hus, most NCDR programs had sufficient patient volume
2003 2004
PID O/E (95% CI) PID O/E (95% CI)
38 7.71 (4.43–14.61) 51 5.77 (4.41–7.80)
1 5.96 (4.36–8.70) 43 4.73 (3.91–5.75)
32 5.28 (4.63–6.03) 52 4.72 (2.94–8.21)
33 4.81 (3.55–6.66) 2 4.20 (3.62–4.88)
28 4.32 (3.40–5.46) 53 3.69 (2.90–4.79)
39 4.13 (3.60–4.75) 54 3.24 (2.43–4.42)
40 3.68 (2.25–7.28) 9 3.23 (2.69–3.87)
41 3.35 (2.30–5.17) 55 2.38 (1.58–3.68)
42 3.04 (1.91–5.47) 56 2.37 (1.66–3.44)
43 2.92 (2.29–3.78) 57 2.34 (1.45–3.80)
2 2.83 (2.18–3.51) 58 2.31 (1.67–3.57)
44 2.81 (1.75–5.25) 38 2.25 (1.69–3.10)
45 2.79 (2.18–3.58) 59 2.24 (1.66–2.90)
46 2.71 (2.19–3.35) 60 2.16 (1.69–2.81)
9 2.66 (2.27–3.10) 61 2.13 (1.60–2.91)
47 2.61 (1.87–3.81) 16 2.07 (1.49–2.88)
35 2.46 (1.68–3.43) 62 2.02 (1.53–2.79)
48 2.41 (1.99–2.97) 63 1.94 (1.30–3.04)
49 2.37 (1.93–2.90) 64 1.91 (1.28–2.99)
50 2.34 (1.60–3.71) 13 1.87 (1.15–3.49)
edconsecutively from1 to64withprogram IDs (PID) repeated forprogramsappearing inmore thannumbero that a decision whether their O/E ratio was significantly
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141ifferent from 1 was not an issue. Program evaluation of
utcomes related to patient volume itself has been studied
ut has been questioned as an appropriate measure of
uality (23–26). Our results indicated that there was no
ifference with respect to O/E ratios between programs
ith differing patient volumes, but the variability in year-
o-year rankings and O/E ratios was greater in lower volume
rograms.
Our data suggest that a few NCDR participant programs
ere habitually problematic and others fell in and out of the
owest O/E ratio rankings. This may reflect real changes in
rogrammatic quality due to local quality assurance pro-
rams that used their data to identify systematic problems
nd fix them. However, chance also affects placement. If a
ongitudinal assessment is considered, as in our study, then
n a 1-year period, the probability of a program appearing by
hance among the 20 lowest-ranked of 400 programs is 1 in
0 (20 of 400). The probability of being ranked, by chance,
n the lowest 20 in 2 of the years is 6 in 400 (4!/[ (4-2)!*2!]
1/20 * 1/20). For 3 of the years, the probability decreases
o 4 in 8,000, and for all 4 years, 1 in 160,000. For a larger
umber of programs, the probabilities would be much
Figure 1. O/E Ratios Over 4-Year Period for 20 Lowest-, 20 Middle-, and 2
Observed to expected (O/E) mortality ratios over 4-year period for 20 lowest, 2maller. vA ranking among the lowest in 1 year may not be
dequate to judge a program’s performance, but being
anked lowest in more than 1 of the years by chance is small
nd would likely be a cause for concern. The variation in
ndividual O/E ratios (and rankings) from year to year
ndicates that “program quality,” at least in terms of mor-
ality, is not as readily apparent as it might if only 1 year’s
ata were analyzed. For example, program #2, with large
/E ratios all 4 years, would probably want to evaluate their
rogram in more depth to determine whether there was a
ystematic problem at the hospital level, or whether a
articular operator required further scrutiny. However, pro-
ram #29 may also want to evaluate their program to
etermine the reason for the large O/E ratio after 3
onsecutive years of no deaths (Fig. 1).
We found no evidence of systematic change in O/E ratios
ver the 4-year period: that is, there was no overall trend,
nd none related to program demographics of PCI volume,
umber of board-certified cardiologists, or teaching status.
here was considerable individual program variation in O/E
atios, and this was related to PCI volume with larger
est-Ranked Programs in 2001
dle, and 20 highest ranked programs in 2001. PID  program ID.0 Highariation associated with smaller volume programs.
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142tudy limitations. The primary limitation of this study, or
ny other where reporting is voluntary, is that member
nstitutions were not necessarily the same from year to year.
his may affect the models developed in each year and thus
mpact expected mortality differently from year to year.
owever, in a large data registry, this impact may be
inimal, and our results suggest this is the case as the
odels were relatively similar from year to year and consis-
ent with respect to discrimination. The prediction model
tself is influenced by case selection (8) as well as advances in
echnique and adjunctive pharmacology. We developed
odels for each year, but applying the 2001 model to
ubsequent years resulted in some loss of accuracy, so the
odel would need to be recalibrated (7). At some point, it
ould likely be necessary to update the model.
Calculation of a meaningful institutional O/E ratio is
ependent on adequate patient volume. For example, the
eath of 1 patient or 2 patients in a low-volume site that has
0 cases in a given year will yield a high mortality rate that
ay not accurately reflect the program’s quality. There were
small number of NCDR participant low-volume sites, as
ssessed in relative terms. However, the distribution of
olume in NCDR is characteristic of the practice of medi-
ine in the U.S., and NCDR participant institutions repre-
ent almost 30% of all PCI programs. It is possible that
ainly institutions with a strong commitment to quality
articipate in NCDR, and thus, the NCDR may not reflect
ll institutions in their volume category.
It is also possible that certain operators might “game” the
ystem: that is, recognizing that their data is being collected,
hey may purposely exaggerate the presence of high risk
ariables that will lead to higher estimated mortality scores.
owever, there is no objective evidence of such a practice,
nd there is a robust external audit system in place designed
o minimize this concern.
onclusions
hird-party payers, including insurance carriers and centers
or Medicare and Medicaid services, are demanding an
bjective method to assess program quality of individual
CI programs. Risk-adjustment methods provide a way of
aking a comparison of outcomes more equitable by ad-
usting for case mix. In particular, the O/E ratio is an easily
nterpreted metric that indicates a program’s standing with
espect to worse-than-expected or better-than-expected
utcomes. In our study, the risk-adjustment models used to
alculate the expected outcome had very good discrimina-
ion. Over a 4-year period, there was no systematic change
n O/E ratios, but there was substantial individual program
ariability. Variation in O/E ratios over some time frame
ould be provided for individual programs in the form of
quality control” plots (as in the lower panels of Fig. 1), and
omparison with other programs by rankings, or percentiles
1f rankings, based on O/E ratios. Although the O/E ratio
as a straightforward interpretation, understanding how it is
erived, the effects of sampling variability, and model
ccuracy on its derivation would help institutions to use it as
n indication for more detailed examination of their pro-
ram rather than as an absolute number that defines the
rogram as simply “high” or “low” quality.
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